
we I •• chAc.a

Ionorino Intarfaring Clrriar

R

L- I + I-ce:WOD
T- ;=L.

\ -1-L..-. Q
DEMOD I

!

IF
IN

FIG. 3

FIG. 3 is a simplified block diagram ofa phase separated type
AM Stereodecoder. It does not includedistortioncorrection
circuitry, as would be required for the Magnavox or
Motorola type AM Stereo decoder. (Since the Harris system
is a truequadraturesystem itdoes not require any distortion
correction circUitry.)

Assuming that the receiver is tuned to a strong locaJ
signal, which at the insant of analysis is unmodulated, the
waveshapes of flG. 4 show how a conventionaJAMwave will
exhibit severe image notion when demodulated by a phase
separated type decoder.

FIG. 4a shows the amplitude of the in-phase audio wave as a
function of the phase between the strong local carrier and
the weak intefering co-channel carrier. TI1is waveshape has
been discussed in Appendix A
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APPENDIXB
Analysis of uWeak Platform Motion"

Thus, the amplitude of the sideband beat wave follows the
absolutevaJue of a cosinewave, which is a well known wave­
shape in radio engineering; i.e., the output 01 a resistance­
loaded full-wave rectifier.

",

It isalsoshown that there should be significant reduction
of both co-"and adjacent-channel interference caused by
POWER-fide signals.

A number of on-the-air evaluations of the system sup­
port the results 01 the above analysis, including the reduc­
tion of selective fading and reduction of co- and adjacent­
channel klterierence effects.

The advantages of the system were separated into two
types: one group applicable only to mono receivers capable
01 "Sideband Tuiling"; and a second group 01 advantages
that are available to all types of receivers, including carrier
or center-tuned mono and stereo radios.

APPENDIX A
Analy.1s of Co-Channel "Sideband Beat";

The amplitude 01 the "Sideband Beat" 01 a co-channel
interfering signal is a function of the relative amplitudes of
the interfering wave and the desired wave. Under practical
operating conditions, the desired signal.is at least 20 db
greater than the interferring co-channel wave. Accordingly,
the envelope-detector performance closely approximates
the performance of a product-type detector in that the
strong local carrier controls the "sWitching function" of the
envelope detector. (Communication engineers will recognize
the similarity of this operation to "exalted carrier" detection
which was used in early short wave SSB receivers.)

As pointed out above, the phase of the local carner, rela­
tive to the interfering carrier, is a function of time, and under
typical conditions the angle between the two carriers is an
unbiased random function, i.e., a rectangular density
function.

When there is a specific frequency difference between
the two carriers; for example, a 1 Hz error, the beat fre­
quency will equa12 Hz (two times the carrier difference fre­
quencylO), ±two times the random frequency errors that
would even apply to a phase-locked "synchronous"
stations. Such random frequency errors are functions of
propagation characteristics, receiver location. etc.

As mentioned above, the most important phenomenon
in terms of co-channel interference is the dramatic variation
in audio level of the undesired signal as the angle between
the two carriers swing over a cycle. When this angle reaches
90 degrees, or any other odd multiple of 90 degrees, the
amplitude of the fundamental Fourier component is nulled.
leaving a slight amount of second harmonic distortion. (The
reason the distortion is small is that the desired carrier
causes the envelope detector to approximate the action of a
product demodulator, greatly reducing the quadrature dis­
tortion effect.)

It is useful to detennine the amplitude for the complete
range of relative carrier phase between the desired and
undesired signals over a 0 to ±90 degree region. (At angles
beYond ±90 degrees the amplitude repeats this same

. shape.)
In the following equations the RF tenns, DC terms, and

the sub-audible low frequency tenns generated by beating
the two carrier frequencies are deleted. Thus. the analysis
can be restricted to multiplying the local carrier by the two
co-channel interference sidebands. It is assumed that the
sidebands from the co-channel interfering signal are pro
duced by a single-tone modulation and with a modulation
factor of m. It is also assumed that the local station's carrier
has an amplitude of Kvolts and the interfering carrier has an
amplitude of unity.
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FIG. 4b shows the phase of the in-phase component. It is
seen that the demodulated audio reverses phase whenever
the amplitude function goes through a cusp.

r
In the case of the SSB wave. the amplitude of the Iand Q

wavesareequal under all phase conditions.This isone'ofthe
basic reasons why SSBreception is particulary fUlled, in
terms ofprovidingacceptabJeperfonnanceunderdisturbed
propagation conditions. The phase of the I and Q audio
waves linearlyswingfl'om-90degrees to +90degrees. (1bJs
assumes the upper sklebandis transmitted. If the lower side­
band is transmitted the phase slopes are reversed.)

,
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FIG. 4cshows the amplitude function of the quadrature com­
ponent of the incoming interfering wave.

FIG. 5A
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FIG. 58
FIG. 4d shows the phase function of the q~adratureaudio
wave.

Under normal operating conditions. the outputs of the I
and Q detector of FIG. 3 are combined in the sum-and­
difference matrix. producing the desired L. and R waves.
Unfortunately. the interference from the weak co-channel
station swings from full left, to center. to full right. as a func­
tion of carrier phase. This is shown in FIG. 4e.
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Examination of FIGS. SA and SB shows the phase dif­
ference between the Iand Q audio waves is either 90 or 270
degrees. This cases the L and Routputs of FIG. 3 to be equal
because the Iand Q waves are equal in amplitude and are in
quardrature. Thus. under all conditions of relative carrier
phase, the Land Rwaves are equal and the interference will
remain'in the center. eliminating this one form of Platform
Motion.

Unfortunately, the more serious "Strong Platform
Motion" is caused by self interference. and there is no
apparent mechanism for removing it.

The reason the wave falls in the center at regular inter­
vals is that at those instances either the Iamplitude is zero or
the Qamplitude is zero. Under such conditions, since there is
only one signal going into the sum-and-difference circuits,
the L and R outputs must be equal. causing the image to
appear in the center. (When the phase of the Land Routputs
are out of phase as they are when the Iamplitude is zero. the
image will be somewhat strange. as it is with any out-nf­
phase speaker situation.)

During other conditions of carrier phase, the left and
right channels are unequal. Complete separation points will
')ccurwhen the amplitude of the 1wave and the amplitude of
Lle Q waves are equal. In other words, at multiples of 45
degrees between the two carriers the Iand Q detector out­
puts are equal. Since at these instances the I and Q audio
signals are either in phase or out of phase. either a full L
signal results or a full R.

This simple analysis clearly shows how an interfering co·
channel AM wave causes "Weak Platform Motion". Such
Platform Motion has been experienced in the field and it
results in significantly increased annoyance by causing. in
effec~. the interference to "wave" at the listener.

Now. let us consider FIG. 5 which shows the phase func­
tion of a pure SSB wave. \\'hile the PO WER-sidc wave is not
a pure SSB wave. it should substantialh' reduce Weak Plat-
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